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INTRODUCTION 
Three of the most recent approaches to classification of bacteria 
are numerical taxonomy, measurement of the hase ratio (mean molar pro­
portion of guanine plus cytosine, io GC) in purified deoxyribonucleic acid 
(DM), and hybridization between DM's from different organisms. 
The logic and criteria on which numerical taxonomy is based were 
originally proposed by Michel Adanson (1765). P. H. A. Sneath combined 
the principles of Adanson with numerical analysis of the properties of 
organisms by conqouter methods (Sneath, 1957a, 1957b). Since I957 much 
controversy has existed between conventional taxonomists and numerical 
taxonomists (Sokal and Gamin, I965). Even though there is disagreement, 
generally bacterial classifications based on either method are very 
similar to one another (i.e., Colwell and Liston, I96I; Pocht and Lockhart, 
1965; Krieg and Lockhart, I966; Wayne, I967). 
The possible correlation of the average base composition of the DM 
of bacteria with their taxonpmic relation was first suggested by Lee 
(1956). This correlation has been studied by others ( Colwell and 
Mandel, 1964; Silvestri and Hill, 19^5; Sueoka, I96I), and should be valid 
since it is probable that closely related organisms will possess similar 
DM base ratios (Marraur and Doty, I961). DM base ratios per se are not 
useful in taxonomy but become so when used in conjunction with more con­
ventional methods of taxonomy (Colwell and Mandel, 196!^, I965; De Ley and 
Van l^aylem, 19^5; De Ley et al., I966; Silvestri and Hill, I965). Sueoka 
(1961) stated that if the DM base ratios of two organisms differ by more 
than 10^, they would have very few regions on the DM molecule which are 
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homologous and therefore could not be closely related. The converse of 
this may not be true: two strains having identical DM base ratios may 
be dissimilar; e.g., Staphylococcus aureus and Bacillus cereus both have 
52^ GC (mil, 1966). Similarity in DM base composition between two 
organisms suggests genetic similarity only if the organisms also have 
many biochemical, physiological and morphological features in common 
(De Ley and Van Muylem, 19^3)• DM base composition is therefore most 
useful in taxonomy ^ vhen the organisms have also been characterized in 
other ways (e.g.. De Ley and Schell, I963). 
In order to obtain accurate and reproducible DM base ratios, the 
DM must be obtained in a native, highly polymerized state (Marmur, I96I). 
Chargaff (1955) was the' first to publish a procedure for the isolation of 
DM. Since then other procedures have been proposed (Lehman, I96O; 
Marmur, I96I; Massie and Zimm, I965; Eudin and Albertsson, I967; Saito 
and Miura, I963). Marmur's (I961) procedure is used most frequently 
because of its applicability for a wide range of organisms, its sinçlicity, 
and the purity of DM obtained. 
It is possible to determine the DM base ratio by gas-liquid chroma­
tography (ifecGee, 1966), depurination (Huang and Rosenberg, I966), thin 
layer chromatography (Harris and Warburton, I966), measurement of optical 
rotation (T'sojet ^ ., I962), ultracentrifugation (Schildkraut et al., 
1962; Vinograd and Hearst, I962), electron microscopy with base-specific 
stains (Beer et al., 1966), and thermal denaturation (Marmur and Doty, 
1962). To some extent the method of choice is dependent on the purpose 
of the experiment and on how accurate the results must be. 
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The chemical methods for determining base ratios are tedious, and 
the reproducibility is not good, but these methods are useful if the 
purpose of the investigation is to identify peculiar bases in the- DNA 
molecule (Huang and Rosenberg, I966; MacGee, I966). The measurement of 
optical rotation of DM is usually employed when there is other high 
ultraviolet absorbing material present (T'so efc al., I962). The use of 
the electron microscope for determining base ratios has not been refined 
enough to be of much use, and the amount of time and artistry involved is 
quite extraordinary. 
The two most common methods employed for determining base ratios are 
ultracentrifugation and thermal denaturation. Ultracentrifugation studies 
have the advantage of requiring only small quantities (l jig) of relatively 
unpurified DM. It is also easier to determine the presence and amount of 
contaminating or satellite DM (Schildkraut et , I962). Thermal dena­
turation studies have the disadvantage of requiring highly purified DM, 
but the base ratios obtained by this method can be more accurate and 
reproducible. The uncertainty in determining densities by ultracentrifu­
gation is about 0.001 g/nO., which corresponds to 1^ GC (Sueoka et al., 
1959)» Marmur and Doty (I962), using thermal denaturation, found a 
deviation of + 0.4°C, which is equivalent to + 1^ GC, but the use of more 
sensitive thermosensors results in a standard deviation of + 0.1$°C 
(Geiduschek, I962) or less (Felsenfeld and Sandeen, I962). 
Hybrid formation between DM's from two different organisms is the 
most widely used method for determining DM homologies. There are basically 
three different methods employed for detecting hybrid formation. In all 
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three methods the DHA, samples are denatured and allowed to react, and the 
amount of hybrid formation is measured. In ultracentrifugation studies 
( Schildkraut et , I96I) one of the samples is labeled with a heavy 
isotope, and the amount of hybrid formed is determined from the size of 
the peak "between the two sample peaks in a cesium chloride density gradient. 
The method of McCarthy and Bolton (1965) involves trapping one denatured 
sample of MA in an agar column and passing a radioactively labeled, 
denatvired sample through the column. The amount of hybrid formation is 
estimated by subtracting the amount of radioactivity in the effluent from 
the amount of radioactivity in the total sample added to the column. A 
further discussion of this method is given by Hbyer et (196^), and 
some of the studies using this method are presented by De Ley ^  al, (I966), 
and McLaren and Walker (1965). The third method for detecting hybrids is 
the membrane filter technique (Denhardt, I966), which is a modification of 
the DNA-EMA hybridizing technique of Hygaard and Hall (I965) and Gillespie 
and Spiegelman (1965). In this method a denatured sample of DNA is 
attached to a cellulose nitrate filter and is reacted with radioactively 
labeled DM in solution. The amount of hybrid formation is detected by 
scintillation counts of the hybrids on the membrane. Some of the studies 
using this method were done by Reich et (1966a, b) and Somerson et al. 
(1966). 
Nearest-neighbor frequency analysis of DM ( Jos se » I961) has 
recently been used for the classification of organisms (Bellet, I967). The 
technical difficulties involved will probably hinder an extensive applica­
tion of this technique. 
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The ideal basis for classification of organisms might be a detailed 
comparison of the con^lete base sequence in their DM molecules, but it 
is unlikely that such data will ever be obtained for large numbers of 
organisms. Comparison of the overall base ratios of DM molecules gives 
only a rough estimate of their similarity. Somewhat better estimates of 
similarity in base sequences can be obtained from hybridization between 
DM molecules or from conrparisons of nearest neighbor frequency analyses, 
but these techniques are unsuitable for routine work with large numbers 
of organisms. It would therefore be helpful if some relatively less 
difficult technique, such as determining thermal transition curves, could 
be made to yield additional information. This might be possible if 
detailed comparisons were made between the thermal transition curves for 
DM from various organisms (Miyazawa and Thomas, 19^5). 
Native DM is in a double helical configuration. When the DM is 
heated under suitable conditions, its hyperchromicity (optical density) 
at 260 mn increases by about hoio as the hydrogen bonds are disrupted, the 
two strands separate, and the molecule undergoes a helix to coil transition. 
Because adenine and thymine in complementary strands are joined by 2 
hydrogen bonds, they separate more readily than guanine and cytosine, 
which are held together by 5 hydrogen bonds (Felsenfeld and Miles, I967). 
Consequently, the temperature at which a DM molecule undergoes the 
transition is a function of its overall base composition. 
The thermal transition curve of a solution of DM can be viewed as a 
cumulative frequency distribution of the melting of individual molécules 
or regions which differ in average base composition (Mandel and Marmur, 
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1968). This is a valid asstunption considering the proposed models for 
the denaturation of DM. Crothers (196^-), Crothers et (1965) and 
Zimm and Bragg (1959) have suggested that a molecule of DM melts almost 
spontaneously when the temperature required to disrupt the hydrogen "bonds 
present is reached. Therefore, at any time there are molecules of DM 
either completely denatured or in a helical configuration. There are no 
pieces present which are partially denatured. Inman (1966 and 19^7)» 
working with Lambda DM, has shown the presence of denatured regions within 
the DM molecule when it is thermally denatured. He suggests that these 
denatured regions correspond to adenine-and thymine-rich sequences within 
the Lambda DM molecule. Either model can be used to explain the denatura­
tion of DM since the interpretation of the absorbance curves will yield 
the same results. The melting curve is then composed of a cumulative plot 
of the denaturation of molecules or regions of molecules of DM which are 
progressively richer in GC as the thermal transition proceeds. The mid­
point of the temperature range of thermal transition (Tm) may then be 
considered to reflect the base composition of the "average" DM molecule 
in the solution. 
Determination of reproducible thermal transition curves requires 
control of several variables. The salt concentration of the buffer in 
which the DM is dissolved is critical. The cationic concentration 
(usually Na"*" ion) is generally held at 0.195 M, and deviations from this 
concentration will alter the amount of energy required to disrupt the 
hydrogen bonds between bases ( Schildkraut and Lifson, 1965). The Tm. 
decreases with decreasing salt concentrations (Silvestri and Hill, I965) 
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and the buffer, usually O.I5 M sodium, chloride plus 0.01$ M trisodium 
citrate at pH 7.0 + 0.1, standard saline citrate (SSC), must be prepared 
accurately in order that results may be compared. Some investigators 
(Marmur and Doty, I962; Silvestri and Hill, 1965) purposely alter the 
buffer concentration when the investigation is concerned with organisms 
which have a high Tm. The Tm of a given sample of DM varies linearally 
with the logarithim of the salt concentration (Frontali al., I965; 
Schildkraut and Lifson, I965; T'so ^  al,, I962). The Tm may also be 
lowered by using very high concentrations of salts such as 7.2 M sodium 
perchlorate, which will lower the Tm approximately 4o°C (Hamaguchi and 
Geiduschek, I962). 
Because the cationic concentration is so critical in the determination 
of Tm, divalent cations and polyamines (which may be bound to isolated DM) 
must be relieved (Mandel, I962). The ethylenediamine tetraacetic acid used 
in the extracation procedure binds most of the divalent cations and poly­
amines present (Marmur, I961). To remove the remainder, the DM solutions 
should be dialyzed against SSC. If this dialysis is not carried out or is 
not extensive enough, the per cent increase in hyperchromicity will not be 
close to hoia. 
The concentration of DM in SSC should be around 20-25 |ig/ml. At 
lower concentrations it is difficult to follmv the increase in hyper­
chromicity, and at higher concentrations aggregation effects are present 
(Lin and Chargaff, 19^7; Mandel and Marmur, I968). 
The DM should be free of ribonucleic acid (RM), protein, and any 
other ultraviolet-absorbing compounds. These compounds, as well as poorly 
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prepared samples of DM which may have some denatured regions, will skew 
the thermal denaturation curve to the left (Mandel and Marmur, I968). 
The determinations should be done in stoppered quartz cuvettes 
filled to 90^ of their volume (Mandel and Marmur, I968). The blank should 
consist of a SSC solution of one of the nucleosides at a concentration 
equal to the amount of DM present in the sample. In this way, the effects 
of thermal expansion are eliminated.^ 
The rate of heating should be slow enough to allow the DM to denature 
(Takashima and Arnolds, I965). A rate of 1° per 10 min is suggested by 
Ifendel and Marraur (I968). 
Alteration of the molecular weight of the DM will not affect the 
thermal transition curve unless the DM is degraded to small pieces by 
sonication or with a french pressure cell (Crothers, I96U; Crothers et al., 
1965; Doty et al., 1959î Marmur and Doty, 1962; Miyazawa and Thomas, 19^5). 
The melting curves for the smaller molecular weight samples are skewed to 
the left (not a perfect Gaussian distribution) and have a slightly lower 
Tm as compared to the higher molecular weight samples (De Ley and Van 
Muylem, I965). Some of this skewness is attributed to melting of areas in 
the DM molecule which were damaged while shearing or to very short frag­
ments of DM which would melt at low temperatures regardless of their 
composition (Miyazawa and Thomas, I965). 
The Tm is thus not the only measurable property of a DM solution. 
The compositional distribution of the DM molecules about the mean can be 
^Mandel, Manley, Houston, Texas. Correction for thermal expansion. 
Personal communication. I967. 
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estimated if the distribution of the DM molecules is assumed to be 
Gaussian around the mean base composition (De Ley and Van Muylem, I963). 
Doty, Marmur and Sueoka (1959) calculated twice the standard deviation 
(2cr) by determining the temperature interval (^T) between 17 and 85^ of 
the rise in optical density and correcting it for 2/5 the transition width 
(3.0 degrees) of pure adenyl-thymyl polydeoxynucleotide (poly AT), The 
values obtained by applying the formula 2or= ^T - $.0)2.5 were found to 
be less reproducible than Tm values (De Ley and Van Muylem, 1965). 
The presence of segments of DM which vary in base composition has 
been shown by Cheng and Sueoka (1963), Hershey and Burgi (I965), Martin 
and Hoyer (1967), Miyazawa and Thomas (1965) and Sueoka (196I). A sample 
of DM can be sheared to a molecular weight of less than 10^ daltons and 
centrifuged in a cesium chloride gradient. When compared to the unsheared 
DM, the distribution of buoyant densities of individual fragments is 
broader and flatter. The sheeired DM can be fractionated by collecting 
drops of the sample. It can then be demonstrated that there are AT-rich 
and GC-rich molecules present in the sample by determining the Tm of the 
fractions from various portions of the DM peak (Martin and Hoyer, I967), 
Thermal elution of labeled DM fragments from a water-jacked hydroxy-
apatite column has also been used to demonstrate the presence of DM 
molecules which vary in base composition (Miyazawa and Thomas, I965), 
The temperature of the column is raised slowly, and eluates are collected 
at intervals and counted on membrane filters. 
Comparison of the thermal transition curves of a single sample of DM 
at different molecular weights might also permit detection of AT-rich and 
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GC-rich regions. As mentioned previously, the thermal transition curve can 
"be viewed as a cumulative frequency distribution. The samples can then be 
compared to a normal distribution, and the deviations from normality can 
be calculated. Since the amount of skewness in a melting curve for a 
sample varies with its molecular weight, a measurement of the amount of 
skewness would be useful. The third standard moment about the mean 
measures the direction and amount of skewness (Snedecor and Cochran, I967). 
Because the curve becomes skewed, it is probable that the sharpness or 
peakedness of the curve would also change. The fourth standard moment 
about the mean is a measurement of peakedness (Snedecor and Cochran, I967), 
Another useful statistical variable which also describes a frequency 
distribution is the standard deviation about the mean. 
The amount of skewness to the left which is due to melting of short 
segments of DM can be determined by examining thermal transition curves 
of poly dAT at the same molecular weights as the sample. Any skewness 
observed for the poly dAT would be attributed to the presence of short seg­
ments since all molecules present would have the same composition. A 
correction factor could then be applied to the other samples. 
This thesis is concerned with the congarison of the thermal transition 
curves of DMA at different molecular weights and the possible taxonomic 
usefulness of such conparisons. 
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MATERIALS AM) METHODS 
Seven organisms, consisting of members of 5 genera of the family 
Enterobacteriaceae, a Staphylococcus aureus and a Pseudomonas aeruginosa, 
were used in the investigation. All cultures listed in Table 1 were 
obtained from the American Type Culture Collection (ATCC), Rockville, 
Maryland. 
Table 1. Cultures used in the investigation and their optimum growth 
temperatures 
Code Culture ATCC ETomenclatural Optimum growth 
lîumber Number status^ temperature 
1 Eaterobacter cloacae 15047 P, R 57 
2 Escherichia coli 11775 IT, R 57 
5 Proteus vulgaris 15515 E, R 57 
4 Salmonella typhiraurium 15511 H, R 57 
5 Serratia marcescens 15880 P, R 50 
6 Pseudomonas aeruginosa 10145 P, R 57 
7 Staphylococcus aureus 12600 N, R 57 
= proposed neotype culture (ATCC), 
R = reference culture (Sneath and Skerman, I966), 
W = neotype culture (ATCC). 
Cultures were revived from the lyophilized state by culturing in 
brain heart infusion (BHI) (Difco, 1955)* When sufficient growth ifas noted, 
the cultures were transferred onto nutrient agar plates. A single colony 
was picked, and each strain was checked in gram stained smears, transferred 
to BHI agar slants and incubated for 12 hr. These slants were stored at 
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4°C and used as the stock cultures from which transfers were made for the 
remaining tests. All cu].tures were transferred every four weeks to insure 
viability. 
Up to this point each culture was incubated at the optimal teirrperature 
reported for that species in Sergey's Manual of Determinative Bacteriology 
(Breed et al., 1957). The first series of tests was performed to determine 
the optimum tenderature of growth which would be used for each strain in 
the remainder of the investigation. Each strain was incubated in nutrient 
broth at 10°C, 26*C, 30°C, $7°C and The optimum tençerature (Table 1) 
was designated as the one at which the largest amount of growth was 
obtained in l8 hr. In cases where it was difficult to distinguish any dif­
ferences in turbidity of broth cultures grown at different teng)eratures 
the organisms were grovm at the optimum temperatures reported in Bergey's 
Manual (Breed ^  , 1957). 
Numerical Taxonomy 
Inoculation of all the test media was done from a 15 cc dropping 
bottle containing an 18-24 hr BHI broth culture of the organism. Two 
drops of the broth culture were added to each tube or plate containing 
the media. 
A total of 108 features (Table 2) was determined for each culture by 
use of standard diagnostic tests (Edwards and Ewing, 1962; Kauffinann, 1956; 
Conn, 1957). Abstracts on Biological Methods (Skerman, unpublished) was 
a useful compilation of tests when it was necessary to determine an 
appropriate procedure. 
Table 2. Features which resulted in differentiation of the test organisms 
Properties No. of features 
Cell and colonial morphology 
cell size, shape and arrangement; motility; capsulation; flagellation; 
chromogenesis ; Gram reaction 1 each 
colony morphology on nutrient agar 4 
Grovjth characteristics 
in nutrient broth 2 
groîrth in 2^ bile, in nutrient broth at pH 5.0, in malonate broth, in nutrient 
broth at 20°C and ^ 5°C, optimal grovrth temperature 1 each 
resistance to crystal violet (l;100,000), methylene blue (1:1,000), penicillin 
(100 units), heat (55°C for 4$ min) 1 each 
Biochemical characteristics 
utilization of citrate, mucate, glutamate, glycine, alanine, leucine 1 each 
production of indole, cyboclirome oxidase, H^, coagulase, phenylalanine 
deaminase 1 each 
methyl red and Voges-Proskauer tests, hydrolysis of casein and tributyrin, 
decomposition of urea, coagulation of milk, litmus reduction, hemolysis 1 each 
nitrate reduction 2 
decarboxylation and oxidation-fermentation reactions 3 each 
fermentation of inositol, adonitol, mannitol, dulcitol, dextrose, salicin, 
inulin, trehalose, melibiose, ribose, sorbitol, glycogen, raffinose, 
D-xylose, levulose, mannose, cellobiose, maltose, amygdalin, dextrin, 
o-methyl d-glucoside, rhamnose, sucrose, erythritol, melozitose, 
sorbose, arabinose, lactose 2 each 
111. 
All tests vere performed in duplicate and en rare occasions when there 
were conflicting results, the tests were repeated. Uninoculated controls 
were used for every test. Detailed descriptions of most of the tests used 
were given "by Krieg (M.S. Thesis, Iowa State University, Ames, 1966), The 
tests which were not. previously described are flagellation, nitrate 
reduction, growth in the presence of 2^ bile salts, hydrolysis of tributyrin, 
production of coagulase, and production of phenylalanine deaminase. 
The type of flagellation was determined by adding a few drops of an 
18 hr culture to a clean slide. The culture was spread over the entire 
surface by tilting the slide. The smear was air dried and Leifson's stain 
(Difco, 1962) was added and allowed to stand at room temperature for 10 min. 
The stain was then washed off with tap water, and the slide was dried and 
examined. 
Nitrate reduction was tested in an 18 hr nitrate broth (Difco, 1953) 
culture. The presence of nitrites was tested for by the addition of 0.5 ml 
each of sulfanilic acid and (%-naphthylamine reagent solutions. The sulfa-
nilic acid reagent consisted of 8 g of sulfanilic acid in 1000 ml of 5 N 
acetic acid. The O-naphthylamine reagent consisted of 5 g of 
a-naphthylamine in 1000 ml of 5 M acetic acid. The presence of a pink or 
red color "vreis a positive test for the presence of nitrite. If no color 
appeared, a small amount of powdered zinc was added. The appearance of a 
red color after the addition of zinc was due to the presence of nitrates in 
the medium. If no color appeared, the nitrate had been reduced beyond the 
nitrite stage. 
Growth in the presence of 2% bile salts was tested by inoculating a 
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medium containing 20 g of bile salts (Difco, 1953) in 1000 ml nutrient 
broth (Difco, 1955) and assaying turbidimetrically after 2h hr of 
incubation. 
Iributyrin hydrolysis was tested on a medium composed of nutrient 
agar (Difco, 1955) and tributyrin stained with nile blue sulfate. The 
stained tributyrin was prepared by making a saturated aqueous solution of 
nile blue sulfate and mixing 1 ml of the fat "v/ith 10 ml of the solution. 
The solution was sterilized at 121°C for 15 min. One ml of the dyed fat 
was added to 10 ml of the sterilized nutrient agar (45°C) and dispensed 
in a petri dish. The fat globules were red, whereas fatty acids will 
stain blue. The plates were inoculated and incubated for 2k hr, and the 
presence of a halo around the colonies on the plate was considered positive 
lipolysis of tributyrin. 
Coagulase plasma (Difco, 1955) "was prepared as directed and 5 ml placed 
in a sterile 1 X 7.5 mm test tube. From a 24 hr nutrient broth culture, 
0.5 ml of the cell suspension was added aseptically to the plasma. The 
presence of coagulated plasma within 4 hr was considered a positive test 
for coagulase. 
Phenylalanine agar (Edwards and Ewing, I962) was prepared by the 
addition of 5 g yeast extract, 2 g DL-phenylalanine, 1 g disodium phos­
phate, 5 g sodium chloride, and 12 g agar to 1000 ml water. The medium 
was dispensed in tubes and sterilized at 121°C for 10 min. The slants were 
inoculated and incubated for 2k hr. Four drops of a 10^ (w/v) solution of 
ferric chloride was added to the slant. If phenylpyruvic acid had been 
formed, a green color developed in the solution on the slant. 
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A number of features which were tested resulted in no differentiation 
among the organisms studied. These tests and results are listed in Table 3. 
Table 5. Features tested which resulted in no differentiation "between 
cultures 
Features Results 
Form of colony on nutrient agar plates circular 
Margin of colony on nutrient agar plates entire 
Optical features on nutrient agar plates opaque 
Sediment in nutrient broth viscid 
Fermentation of aescùlin negative 
Digestion of cellulose negative 
Growth in 10'^ and 25^ glucose positive 
Growth in 5^ NaCl positive 
Groifth in 104 NaCl negative 
Hydrolysis of triacetin and starch negative 
Production of catalase positive 
Resistance to thionin (l;800) negative 
Resistance to basic fuchsin (1:200) negative 
Utilization of citrate, succinate, and lactate as sole 
sources of carbon positive 
Utilization of propionate as sole source of carbon negative 
Utilization of cysteine as sole source of nitrogen negative 
Grovrfch in nutrient broth at pH $.0 negative 
Growth in presence of KCN negative 
The data were recorded in coded form, and an International Business 
Machines (IBM) $6o computer was used to compute matching coefficients 
between all possible pairs of organisms. This coefficient is defined as 
KS/(]HS+IID) 5 where US is the number of features in which two organisms are 
alike, and ND is the number of features in which they differ. Organisms 
were sorted into groups on the "highest link" criterion. An organism 
joined a group at its highest similarity to any member of the group, and 
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two groups were joined at the highest level of similarity between a member 
of one group and a member of the other. These groupings were then printed 
in the form of a dendrogram. The methods for data recording end computa­
tion were described by Focht and Lockhart (1965). 
Characterization of Deoxyribonucleic Acid 
A modification of the Marmur (I96I) procedure for the isolation of 
deoxyribonucleic acid (DMA) was used. All the organisms except 
Staphylococcus aureus were lysed with sodium lauryl sulfate, A staphylo-
lytlc enzyme isolated from Pseudomonas aeruginosa (Burke and Pattee, I967) 
was used to. lyse Staphylococcus aureus. Following the treatment with 
ribonuclease and repeated deprotelnlzatlons, according to Marmur, 2 vols 
ethyl alcohol were used to precipitate the DM. In Marmur's procedure 
the final precipitation is done with isopropanol. The DM,wound on a glass 
rod, was placed in ethyl alcohol at 4°C for 2k hr and then dissolved in 
standard saline-citrate (0,01 M sodium chloride plus 0.015 M trlsodlum 
citrate, SSC) at pH 7.0. 
The DM in solution was placed In thoroughly washed dialysis tubing 
(16 mm) and dialyzed for 5 days against SSC. The ratio of SSC to DM 
solution was 500:1, and the SSC was changed dally. After dialysis the 
solution was placed in a sterile screw capped test tube and stored at 4°C, 
A drop of chloroform was added to each sample to help prevent bacterial or 
mycotic contamination. 
The solutions were assayed for the concentrations of DKA, ribo­
nucleic acid (EM), and protein. The DM concentration was determined by 
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the Burton modification (Burton, 1956) of the Dische reaction (Dische, 
1930). The solutions were then adjusted to a concentration of 20-25 [ig 
DHA/ml, corresponding to an optical density of 0.500-0.600, 
The Lowry phenol method was used for assaying protein content (Lov/ry 
et al., 1951) and the Dische orcinol reaction was used for detezmining RM 
content (Dische, 1953). 
Some of the DM from each organism was sonicated for 1 min with a 
Bronwill Biosonik H needle probe (5/52" diameter) at 10 kilocycles per 
second. Another portion of each DM sample was put through an Aminco french 
pressure cell at l8,000 pounds per square inch. The molecular weights of 
the untreated, sonicated, and french pressed samples were measured with a 
Beckman low shear viscometer. The concentration of DM was constant for 
each, organism but varied from 20-25 Hg/ml when different organisms were 
compared. 
Density gradient experiments were done in a Beckman model L2-65B 
preparative ultracentrifuge. A total of 75 Pg of DM in SSC was used as 
a diluent, and cesium chloride (Harshaw Chemical Company, Cleveland, Ohio) 
was added until an initial refractive index of approximately 1.700 was 
obtained. All refractive indexes were determined on a Bausch and Lomb 
Abbe 5L refractometer. The samples were spun in the 8W40 swinging bucket 
head for 72 hr at 25,000 revolutions per minute. The density gradient 
produced was measured by collecting and measuring the refractive index of 
every tenth drop fïom a tube containing only cesium chloride and SSC. 
The nitrocellulose centrifuge tube was placed in a tube puncher (Pattee 
et , 1968). Twenty-one gauge tubing was attached to the needle and 
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passed through a Beckman polystaltic pump into a Canalco flow-through 
cuvette (l mm, 0.05 ml vol) which was adapted to a cuvette carriage so 
the nucleic acid peak at 260 mn could he plotted on a Gilford model 2000 
recording spectrophotometer. The effluent was collected in fractions, and 
each fraction dial^'^ed against SSC for 5 days. The SSC was changed daily, 
and the ratio of SSC to the DM solutions was 500:1, 
The tençerature profile of the helix-to-coil transition for various 
DM samples was found according to Marraur and Doty's (1959) method, A 
Gilford model 2000 recording spectrophotometer was used to record changes 
in ah sortance and temperature. The cuvette chamber was heated by circu­
lating hot ethylene glycol (75# in i-mter) with a Haake circulator through 
plates on either side of the chamber. 
The optical densities of the samples with respect to SSC were deter­
mined at 260 m|i. The SSC was then replaced with guanosine dissolved in 
SSC to an absorbance equal to that of the sam^jle. This was done to correct 
for any changes in absorbance due to expansion of the liquid.^ The spectro­
photometer is equipped with an automatic blank compensator so the cor­
rection was made while the experiment was conducted. 
Determinations were conducted in standard, 10 mm., silica, teflon-
stoppered cuvettes. The cuvettes have a capacity of 5 ml, and were filled 
with 2.8 ml of sample, which leaves less than 10# air space as suggested 
by î^del and Marmur (I968). 
The initial absorbance was recorded at 25°C, and then the temperature 
^Mandel, op, cit., p. 8. 
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was increased at a rate of 1°C per minute. At 50°C the cuvettes were 
removed from the carriage, inverted, tapped and unstoppered to remove any 
gas bubbles adhering to the sides of the cuvette and to release any 
pressure. The cuvettes were then placed back in the carriage, and the 
heating was continued until denaturation was complete. 
The rate of heating was slowed down to 1°C per 10 min, as suggested 
by Mandel and Marmur (I968), by slowly turning the thermoregulator con­
trol with an Allied Radio motor which was geared down and controlled with 
a variable transformer. The thermoregulator control turned at a rate of 
1 revolution per 4 min. Although the rate of thermal denaturation of DNA 
is of the order of several seconds (Takashima and Arnolds, I965), there 
were no observable differences in the thermal denaturation curves at the 
different heating rates. For convenience all experiments were therefore 
conducted at the faster heating rate. 
Thermal denaturat ions were carried out in this manner on untreated, 
sonicated and french-pressed samples, and on fractionated samples from 
density gradient experiments. Adenyl-thymyl polydeoxyribonucleotide 
(Biopolymers, Inc., Pinebrook, New Jersey) was treated the same as the 
other samples and \7as used as a standard. The thermal transition curves 
were characterized by treating them as cumulative frequency distributions. 
In calculations, the Tm was defined as the temperature at which 50^ of the 
total absortance change occurred. The Tm was converted to % GC according 
to the relation: ^ GC = (Tm 6^,3)/0,kl. The mean T was defined as 
Z?iTi, where Fi are the frequencies (percentage of total change in 
N 
absorbance) recorded for each temperatiire Ti, and N is equal to 100 (ZFi). 
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The mean melting temperatiire was then converted to ^  GC according to the 
relation; ^ GC = (mean T - 69.3)/0.4l. The standard deviation was defined 
as (j&ï( Ti) ^ - Z(FiTi)^/n^. The standard deviation (cr), was expressed 
in degrees centigrade and also as i> GC according to the relation: cr (^ GC) = 
2,5cr(degrees C). The standard (z) value for each temperature was then 
computed: Zi = (Ti - Tmm)/cr. The final calculations were the third and 
fourth moments : third standard moment =2(Fi/ll)(Zi)®, and the fourth 
standard moment = Z(Fi/n)(Zi)*. 
The data were recorded on punched cards and an IBM 360/65 computer 
was used to compute the variables. ..A computer program written "by Dr. W. R. 
Lockhart^ was used. The input data consisted of the total absorbance 
change observed for each one degree rise in temperature, the initial 
temperature at which the increase in absorbance began, the initial and 
final optical densities, and the number of observations recorded. The 
temperature was recorded to witiiin 0.1*0 for the input data. The execution 
time was approximately O.O5 seconds per sample plus O.I8 seconds to compile 
the program. 
^Lockhart, William R., Ames, Iowa. Computer program for analysis of 
DNA. data. Personal communication. I967. 
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RESULTS 
A diagram of the relationships found among the test organisms by 
numerical analysis is shown in Figure 1, This arrangement is much like 
the classification of Breed et al. (I557), shown in Figure 2, except that 
Salmonella is more closely related to Escherichia and Enterobacter than to 
Serratia, and Proteus is not closely related to the other enterobacteria. 
Similar variations from the currently accepted classification had been 
found in earlier, more detailed, numerical studies (Pocht and Lockhart, 
1965; Krieg and Lockhart, I966). The present results confirm the identity 
of the cultures studied, and provide a reasonably good measure of the 
phenetic similarities among them. Results of all the morphological, 
physiological and biochemical tests performed are listed in the Appendix 
(pp. 64-70). 
Samples of DNA were isolated from each of the test organisms. . The 
dialyzed samples contained less than 2$ protein and less than 5^ RM as 
determined by the phenol (Lowry, et , 1951) and the orcinol (Dische, 
1955) reactions. 
Samples dissolved in standard saline citrate (SSC) were submitted to 
Dr. M. Mandel (University of Texas M. D. Anderson Hospital, Houston), who 
determined their buoyant densities in cesium chloride by analytical ultra-
centrifugation. His values are given in Table 4, together with the calcu­
lated base ratios. 
Other samples were sheared by sonication and by treatment in the french 
press. Average molecular weights (MW) determined for the various DM 
samples were: native (untreated), 10^ daltons; sonicated, 10^ daltons; 
Figure 1. Diagram of nixmerical relationships foxmd among the test organisms 
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Figure 2, The diagram based on the classification of Breed ^  al. (1957) 
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french pressed, 10^ daltons. In order to determine whether the DM had 
been sheared sufficiently to produce fragments of differing base compo­
sition, the samples were centrifuged in a density gradient according to 
the method of Martin and Hoyer (I967). Gradients containing native 
(10^ MW), sonicated (10^ MW) and french pressed (10^ MW) samples were 
Table 4. The buoyant densities and corresponding base ratios for DM 
isolated from the test strains. 
Organism Buoyant ^ GC^ 
Density 
g/ml 
1 Staphylococcus aureus 1.695 3^.2 
2 Proteus vulgaris " I.698 59*3 
3 Salmonella typhimurium 1.711 52.0 
4 Escherichia coli 1.711^ 52.4 
5 Enterobacter cloacae 1.7l4 55.1 
6 Serratia marcescens 1.719 60.2 
7 Pseudomonas aeruginosa 1.726 67.3 
^This value was not determined, but was estimated by calculation from 
the base ratio determined by thermal denaturation. 
^he ^  GC is equal to mole percentage of guanine plus cyfcosine. The 
relationship between the buoyant density (p) and the #GC is as follows; 
$ GC = 100(yo - 1.660)/0.098 (Schildkraut 1962). 
monitored in the spectrophotometer at 260 mji. The smaller the molecular 
weight of a DM sample, the flatter and broader was its absorption peak 
in a cesiim chloride gradient. The 10^ WJ sample was fractionated into 
three equal portions containing the "heavy," middle and "light", portions 
of the peak. After dialysis to remove the cesium chloride, the three 
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fractions were subjected to thermal denaturation. Although the small 
quantities of DM present made it impossible to obtain accurate Tm values, 
it was evident that there were small differences in average base ratio 
among the three fractions in every sample tested. 
The thermal denaturation curves of DM samples from S, typhimurium 
are shown in Figure 5* These curves are typical of the curves obtained 
for the other samples over different temperature ranges. At smaller 
molecular weights, the température range for the thermal transition is 
greater, and the per cent increase in hyperchromicity is less. The 
average values for the per cent increase in hyperchromicity are as follows; 
native (10^ MW), 37^j sonicated (10^ MM), 30^; french pressed (10^ MÎ7), 
25^, The temperature at which the onset of thermal denaturation is 
observable is lower as the molecular weight is decreased. There is a 
greater difference between the 10^ WI sample and the other two samples than 
there is "between the 10^ MW and 10^ MW samples for the variables measured. 
In every case the lo'^ IM and 10^ M samples were either identical or very 
similar. Other than this no other significant results were observed with 
the sonicated (10 MW) sangles, and they are omitted from the rest of the 
data. 
Thermal transition curves like those in Figure 3 niay be considered 
as cumulative frequency distributions of the thermal denaturation tempera­
tures of all the individual DM molecules in the solution. The Tm, or 
midpoint of the temperature range of the transition, is the median denatura­
tion temperature. The mean temperature (mean T) may or may not coincide 
k 
with the median, depending on the characteristics of the distribution of 
Figure 5» The thermal denaturation curves of DM sati5>les from S^, 
t.'srphimurium. The increase in optical density at 260 mji is 
plotted as a function of the ten^erature of the DM solution 
for the native (N, MW 10*^ daltons), sonicated (S, M 10° 
daltons) and french pressed P, MW lo5 daltons) sangles. 
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DM molecules. Frequency distributions may also be characterized by their 
standard deviation (a measure of their dispersion about the mean) and by 
their standard moments. The third standard moment is a measure of skewness 
of the distribution. It is equal to zero for a perfectly symmetrical 
distribution, less thaxi zero (negative) for a distribution skewed to the 
left (low temperatures) and greater than zero (positive) for a distribution 
skewed to the right. The fourth standard moment is a measure of kurtosis 
(peakedness) of the distribution. It is equal to $.0 for a normal distri­
bution, greater than $.0 for a sharp peak and less than 5*0 for a flattened 
distribution (Snedecor and Cochran, I967). Repeated thermal denaturation 
experiments (see Table 6) showed that these values could be determined with 
the following average precision; Tm and mean T, jp.5°C; standard deviation, 
+0.25°C; third standard moment, jjD.25; fourth standard moment, For 
siniplicity, the third and fourth moments will be referred to hereafter as 
skewness and kurtosis, respectively. 
The Tm as a function of the per cent guanine plus cytosine for the 
10^ MW and 10^ MW samples is shown in Figure 4. For every sample the Tm 
of the french pressed DM is less than that for the native DM. 
Figure 5 shows mean T as a function of the per cent guanine plus 
cytosine. The values for the 10^ MW samples are lower than the values for 
the 10^ MW samples, as was the case in Figure 4. The mean T values are 
closer than the Ttn's to the temperature expected for the midpoint of the 
thermal transition curve.• 
The standard deviation as a function of the per cent guanine plus 
cytosine for the 10^ MW and 10^ MW samples is shown in Figure 6. Except 
Figure 4, Variation in Tm as a function of the per cent guanine plus cytosine for the DM samples. 
The values for the french pressed DM, 10^ IM (—0—) are represented in part A, and 
part B contains the values for the native DM, 10? M (—©—). The nuntoers. on the figure 
refer to organisms, as numbered in Table h. The usually accepted linear relationship 
between Tm and per cent guanine plus cytosine is also plotted. This relationship is: 
Tm = 69.3 + O.lH(GC). 
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Figure 5» Variation in mean T as a function of the per cent guanine plus cytosine for the DNA 
sanqoles. The values for the french pressed DNA, lo5 ML-7 (—0—) are represented in 
part A, and part B contains the values for the native DNA, 10^ MW (—©__). The numbers 
on the figure refer to organisms, as numbered in Table ij-. The usually accepted linear 
relationship between Tm and per cent guanine plus cytosine is also plotted. This 
relationship is: Tin = 69,3 + 0,4i(GC). 
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Figure 6. Variation in standard deviation of the thermal transition curves, as a function of the 
peir cent guanine plus cytosine for the native and french pressed DM samples. The values 
for the french pressed saiirples are displaced to the right to facilitate comparisons with 
the native samples. 
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Figure 7. Variation in skewness of the thermal transition curves, as a function of the per cent 
guanine plus cytosine for the native and french pressed DM samples. The values for 
the french pressed samples are displaced to the right to facilitate comparisons with 
the native samples. 
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for samples 1 and 5, the standard deviation is greater for smaller molecular 
weights. . The standard deviation is larger for higher fo GC values. By com­
paring Figure 4, 5 and 6, it appears that the greater the standard devia­
tion, the greater is the difference between Ita, and mean T. 
Figure 7 shows skewness as a function of the per cent guanine plus 
cytosine. The ske^mess is less for larger values of ^  GC. Sample 5, 
_S. typhimurium, appears to be the only case in which there is a significant 
difference in skeimess between the 10^ MW and 10^ MW samples of DM. The 
skewness for all these samples is negative. As sho-wn in Figure 8, kurtosis 
is larger for higher ^  GC values. As in the last figure, sample 5 
(S, typhimurium) is the only one which shov/s a significant difference in 
the amount of kurtosis between the 10? and 10^ MW samples of DHA. 
The adenyl-thymyl polydeoxynucleotide (poly dAT) was characterized 
under the same conditions as the other samples, and the results are pre­
sented in Table $. The per cent increase in hyperchromicity is less for 
the smaller molecular weight sample, and the values are approximately the 
same as the values for the bacterial DM. The Tm and mean T are lower and 
standard deviation and kurtosis greater at the smaller molecular weight. 
The amount of skeimess is small, remains the same for both samples, and 
is positive, whereas all the DM samples were negatively skewed. 
Table 6 is a summary of the measurements of standard deviation, 
skewness and kurtosis. As was mentioned earlier, standard deviation is 
larger for smaller molecular weights except for samples 1 ajid 5 (s, aureus 
and typhlmurlum), The changes in skewness and kurtosis are not the 
same, as was indicated in Figures 7 and 8, For sanqple 4 (E, coll) kurtosis 
Figure 8, Variation in kurtosis of the thermal transition ciirves, as a function of the per cent 
guanine plus cytosine for the native and french pressed DNA saiuples. The values for 
the french pressed samples were displaced to the right to facilitate comparisons with 
the native samples. 
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decreases and for sample 7 (P. aeruginosa) both kurtosis and skewness are 
less for smaller molecular weights. Tables 7 and 8, which show all the 
data obtained for DM from these organisms, explain why these results are 
summarized in this manner. If the mean values and ranges are examined as 
Table 5. Characteristics of the thermal transition curves for adenyl-
thymyl polydeoxyribonucleotide 
Treatment^ % increase in Tra. Mean T Std dev Skewness Kurtosis 
hyperchromicity °C °C "C 
at 260 m|i 
Untreated ko.6 66,6 66.6 1,48 0.55 3.90 
French pressed 22.5 65.5 65.6 2.55 0.49 5.8) 
^Molecular weights were not determined for these samples. The litera­
ture (Wells and Blair, I967) usual.ly reports the molecular weight of poly 
dAT as '* greater than 10 daltons," and it is assumed that the french 
pressed material ^<ra.s approximately 10^ daltons. 
in Figure 7 and 8, the values for these two saagsles overlap. But if each 
individual experiment is examined, the same trend is apparent in almost 
every case. For this reason it is felt that there are significant dif-
7 ^ ferences between the 10 MW and 10'' MW samples for these two organisms. 
Salmonella typhimurium is the only other organism which showed signifi­
cant differences between the 10^ MW and 10^ MW samples. Table 9 shows all 
the data obtained for DM from this organism. 
There are significant differences between the native (10^ MW) and 
sonicated (10^ MW) samples from E, coli, P, aeruginosa and typhimurium. 
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The values for the other strains varied, and no definite trend could be 
established. 
Table 6. Summary of the measurements of standard deviation, skewness and 
kurtosis of thermal transition curves as the molecular weight of 
DNA. samples is decreased 
Organism Kumber of 
experiments^ 
i GC Standard 
deviation 
Skewness Kurtosis 
1 S. aureus 2 34.2 constant constant constant 
2 P. vulgaris 5 39.3 greater constant constant 
5 S. t.yphimurium 4 52.0 constant less less 
4 E. coli 9 52.4 greater constant less 
5 E. cloacae 12 55.1 greater constant constant 
6 S. marcescens 7 60.2 greater constant constant 
7 P. aeruginosa 10 67.5 greater less less 
^Calculation of the variables for each organism was based on the data 
collected from the number of experiments recorded. 
Table 7. Measurements of skewness and kurtosis for individual thermal 
transition curves of DM samples from E. coli 
Skewness^ 
10^ 10^ MW 
Kurtosis 
lo"^ MW 10^ m 
-1.1 
-1.1 
-0.9 
-1.1 
-0.8 
-0.9 
-1.1 
-1.0 
4.1 
4.5 
5.9 
4.5 
3.3 
3.6 
4.0 
5.8 
^All values recorded on a single line were obtained in a single 
experiment. 
ss molecular weight, daltons. 
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Table 7. (Continued) 
Skewness^ Kurtosis 
10*^ MW^ 10^ Mw 10*^ m 10^ m 
Mean 
Range 
-1.0 -1.1 4.2 4.2 
-1.0 
-0.9 4.5 5.8 
-1.1 -1.1 4.5 4.5 
-1.0 -0.8 4.0 5.5 
-1.0 -1.1 4.2 4.2 
-1.0 -1.0 4.2 5.8 
+0.1 +0.15 +0.5 +0.45 
Table 8. Measurements of skewness and kurtosis for individual thermal 
transition curves of DNA samples from P. aeruginosa 
Skeimess 
10^ MW 
Kurtosis 
10^ m 10^ mi 10^ m 
-1.1 
-0.9 4.9 4.1 
-1.2 
-0.9 5.6 5.8 
-1.2 
-0.9 5.0 5.9 
-1.4 -1.0 5.9 4.2 
-1.1 -1.0 5.4 4.8 
-1.5 -1.1 6.2 4.8 
-1.2 -1.1 5.5 4.7 
-1.5 -1.1 5.5 • 4.4 
-1.2 
-1.5 5.4 5.5 
-1.2 -1.2 4.9 4.7 
Mean -1.2 -1.1 5.4 4.5 
Range ±0.15 +0.2 +0.65 ±0.75 
he 
Table 9* Measvirements of skewness and kurtosis for individual thermal 
transition curves of DNA samples from typhimuritun 
Skewness Kurtosis 
10 m 10^ mi io7 m io5 m 
-0.9 -0.7 5.7 5.5 
-0.9 -0.6 5.8 5.0 
-0.9 -0.7 4.1 5.2 
-0.8 -0.7 5.5 5.2 
Mean -0.9 -0.7 5.8 5.2 
Range +0.05 +0.05 +0.5 +0.15 
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DISCUSSION 
The characterization of deoxyribonucleic acid (DM) has "been helpful 
to taxonomists when used in conjunction with morphological, physiological, 
and •biochemical characterizations of "bacteria. For most routine taxonomic 
studies, the characterization of DM is crude and usually involves the 
determination of the per cent guanine plus cytosine GC). To further 
characterize the DM and to obtain some insight into the sequence of bases 
present, more refined and tedious methods have to be used. Hybridization, 
thermal elution, ultracentrifugation and nearest neighbor frequency analysis 
(the methods presently available for a more critical evaluation of the 
similarities among sangles of DM) have severe disadvantages. 
Further characterization of DM should also be possible by slightly 
cheinging one of the most commonly used methods for determining ^ GC -
thermal denaturation. The plot of the increase in optical density as a 
function of the ten^jerature of the DM solution can be treated as a cumu­
lative frequency distribution. At the onset of the hyperchromic effect, 
adenine-thymine (AT) bonds are being disrupted, and as the increase in 
optical density proceeds, proportionately fewer AT bonds and more guanine-
cytosine (GC) bonds are being disrupted. As the hyperchromic effect goes 
toi'fard completion, almost all the bonds being disrupted are GC. The 
parameters used to describe a frequency distribution - mean, median, 
standard deviation, skewness, and kurtosis - have different values for 
different molecular weights of the same sample of DM. These values are 
also different among different kinds of DM. Comparison of these values 
with the data obtained from thermal denaturation curves of the synthetic 
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polynucleotide, adenyl-thymyl-polydeoxynucleotide (poly dAT), should 
provide a routine method for detecting the presence of AT and/or GC-rich 
regions within a sample of natural DM. 
The seven organisms which were employed in this investigation represent 
a wide range in ^  GC (3^-67^), which is necessary for determining whether 
any correlation exists between the parameters of the cumulative frequency 
distribution and the ^  GC. Salmonella typhimurium and Escherichia coli 
were selected so that it could be determined whether this method would 
permit detection of differences, between two kinds of DMA which have similar 
base ratios. 
The isolation of the DHA did not affect the results; DM was isolated 
on two different occasions from both E, cloacae and _S. marcescens, and the 
values obtained were identical for both preparations. The data on the 
y 
native, 10 molecular weight (MW), DM for the other organisms were 
obtained from single isolates of DM. The sonicated (10^ MW) and french 
pressed (10^ M) DNA were prepared a number of times for each of the kinds 
of DNA, and there vras no variation in results that could be attributed to 
differences between preparations. 
The molecular weights of the DM which were determined by viscosity 
measurements are in agreement with values reported in the literature for 
the molecular weights of DM samples treated under similar conditions 
(Cowie and Hershey, 19^5; Doty et al., 1958; Marmur, I96I; Martin and 
Hoyer, I967; McCarthy and Bolton, I965; Ritchie et I967). The 
molecular weight of a bacterial chromosome is generally given as 10^ daltons 
(Massie and Zimm, 19^5). The highest molecular weight of DM obtained was 
7 10' daltons which is equivalent to one-hundredth of the chromosome. The 
10^ MW samples are approximately the same size as cistrons. 
The values of Tm. for the seven organisms agree well with the values 
compiled by Hill (I966). For every organism employed, the Tm and mean T 
for the 10^ MW samples were lower than the corresponding values for the 
7 10 MW samples. For samples of smaller molecular weight, the temperature 
at which the initial increase in hyperchromicity starts is lower, which 
causes a decrease in the Tm and mean T of the DNA. 
The mean T values for the native samples are closer than the values 
of Tbi to the expected temperature for the midpoint of the thermal denatura-
tion curves. This is expected, since the mean T is actually the tempera­
ture at which the average. molecule melts and the Tm is the temperature at 
which half the molecules melt. In a frequency distribution the mean T 
and Tm correspond to the mean and median. 
The differences between the values for the standard deviation of 
7 5 
melting tençperatures in the 10 MW samples and in the 10 MW samples of 
DM are not as predictable as are the values for the Tm and mean T, The 
smaller the molecular weight of the DMA, the larger is the standard 
deviation ( except for 8^, aureus and typhimuriim). The temperature range 
over which the molecules are melting is larger for smaller molecular weights, 
and the curve is not as "tight" except for the two organisms mentioned. 
The smaller the standard deviation, the less is the difference between 
7 
mean T and îDa of the 10 MW samples; that is, the frequency distribution 
curves are tighter and the mean is closer to the median. 
The fact that samples of smaller molecular weight start denaturing 
at a lovrer temperature, which results in negative skewness, was thought 
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to be due to the non-specific melting of small pieces of DM and/or the 
melting of molecules of DM which are rich in adenine and thymine (De Ley 
and Van Muylem, 196$; Miyazawa and Thomas, I965). There is no difference 
in skewness between the untreated and french pressed samples of poly dAT. 
This could be due to differences between natural DM and the synthetic 
polynucleotide. It is possible that no small pieces are fomed when poly 
dAT is sheared. To determine whether or not small pieces are formed for 
the DM or the poly dAT, sheared samples could be separated by molecular 
sieves which have an exclusion limit of about 10^ MW. The effluents fïom 
the columns could be monitored on a recording spectrophotometer and col­
lected, Thermal denaturation of the fractions collected would show any 
differences between the curves obtained for the small pieces and the 
curves obtained for the entire sample. This possible difference in shearing 
does not seem likely, though, since phosphate-deoxyribose bonds are being 
disrupted in both the natural and synthetic molecules. If the shearing 
of the molecules is indeed the same for both synthetic and natural DM, 
the fact that the smaller molecular weight samples of DM start melting 
at a lower temperature can only be attributed to the presence of AT-rich 
regions within the DM molecules. If the melting of small pieces of DM 
had caused this change, the value of skewness for the flench pressed poly 
dAT would have been closer to zero (more negative) than the value of skew­
ness for the untreated poly dAT. 
All of the samples of DM tested are skewed to the left (lower 
temperatures, negative values), whereas poly dAT is skewed to the right. 
Since poly dAT is a homogeneous poller, it can be used as a standard; 
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and the relative amount of skewness in the other samples can be inter­
preted in terms of molecules or fragments of molecules which are rich in 
AT or GC. All thé samples of natural DM are skewed to the left in 
relation to poly dAT, which indicates that all of the samples have regions 
within the DM which are rich in adenine and thymine. The presence of 
AT-rich regions within all samples of DM tested might be due to the 
presence of common cistrons. There are molecules common among bacteria 
which may be coded for by the same bases in the DM, and some of these 
may have a relatively high concentration of adenine and thymine. The 
skewness is more pronounced for DM sangles with a high i> GC. Any common, 
AT-rich regions of DM among organisms would probably be easier to detect 
when most of the DM is rich in guanine and cytosine. 
The amount of kurtosis also appears to be greater for samples of 
DHA higher in ^  GC. This trend is present for the kinds of DM tested, 
but there does not appear to be an explanation for this phenomenon. This 
trend might not be found at all if a larger sample of organisms were tested. 
The greater the value for kurtosis, the more peaked is the frequency distri­
bution curve of the DM; greater numbers of molecules are similar in base 
composition. The molecular weight of the sample appears to have an effect 
on the value of kurtosis, since kurtosis is greater for the french pressed 
sample of poly dAT than for the untreated sample. 
There are a nuicber of possible results that could be obtained when 
skewness and kurtosis are compared for one kind of DM at different 
molecular weights. If skewness and kurtosis are the same for both molecular 
7 
weights, the frequency distribution for the 10 MSi sample is the same as 
for the 10^ MW sample, and the relative proportion of bases within the 
molecules is the same. If kurtosis is less and skewness is more negative 
5 7 for the 10 MW sajnple than for the 10 MW sample, there presumably axe 
molecules of DM present which are rich in adenine and thymine. If 
kurtosis is less and skei/mess is less negative for the 10^ MW sample than 
7 for the 10 MW sample, there may be molecules of DM present which are 
rich in guanine and cyfcosine. If skewness is the same and kurtosis is 
5 7 less for the 10 MW sample than the 10 MW sample, there are presumably 
equal numbers of molecules rich in adenj.ne and thymine and in guanine and 
cytosine. 
All of these possibilities are hypothetical, but I feel they could 
be demonstrated if a large enough sample of organisms were im^estigated. 
A few of the kinds of DM studied did exemplify some of these possible 
relations. The DM from E. coli apparently has both AT- and GO-rich 
regions within the molecule, since skewness is the saa^ at both molecular 
5 7 
weights and kui'bosis is less for the 10 MW sample than for the 10 MW 
sample. The DM from P. aeruginosa probably has GC-rich regions within 
the molecule, since skewness is less (less negative) and kurtosis is 
5 '7 less for the 10 M5J sample than for the 10 MW sample. The DNA from 
S, typhimurium also has GC-rich regions, since skewness and kurtosis follow 
the same pattern as in the DM from P. aeruginosa. 
The DM from these three organisms could be subjected to thermal 
elution from a hydroxylapatite column or to the ultracentrifugation tech­
nique of Martin and Hoyer (196?). The amount of skewness in the cumulative 
frequency distribution should be relative to the amount of adenine and 
thymine rich regions obtained by these two techniques. 
There are differences between the DM of E, coli and _S. typhimuritun» 
even though the overall ^  GC of the DM from the two organisms is very 
similar. This is one possible way of differentiating between two kinds 
of DM which have similar or identical base ratios. If the DM from two 
very different organisms which have the same base ratio (e.g.. Staphylococcus 
aureus and Bacillus cereus) were analyzed by this technique, the cumulative 
frequency distributions of the denaturation of the molecules should show 
greater differences than those obtained for E. coli and typhimurium. 
There are probably common cistrons present within the DM of the two 
organisms, but the number of dissimilar regions should be much greater. 
If a large enough sample of organisms having the same base ratio could be 
studied, it would be interesting to compare the differences in the cumu­
lative frequency distribution of the DM with their taxonomic relationships. 
It is difficult to speculate whether or not the results would be parallel, 
because of the redundancy of the genetic code. Even though the proteins 
being produced are different, the base sequences on the DM. (and the 
cumulative frequency distributions) could be more similar than expected. 
Analytical ultracentrifugation of the DM samples would also produce 
a frequency distribution of the types of molecules present. This curve 
should be the same as the cumulative frequency distribution of the thermal 
denaturation curves. Ultracentrifugation would be easier for routine work, 
since the data would already be in the form of a frequency distribution 
and could be analyzed directly. 
It is interesting to speculate about the presumption that common 
adenine and thymine rich regions exist in the DM of microorganisms and 
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possibly within higher forms of organisms. All organisms have soluble and 
ribosomal ribonucleic acid (RNA), and it has been shoirm that the % GC of 
these RNA components is greater than $0^ for all organisms tested (Sueoka, 
1964). The soluble RM and the ribosomal RNA from bacterial cells have 
approximately the same ^  GC - 311" and 55/0 respectively. The % GC of 
ribosomal RM from higher organisms is usually greater - about 60%. The 
complementary cistrons on the DM molecule would have the same io GC and 
would not contribute to the common adenine and thymine regions observed. 
But there are other common molecules found in all organisms (i.e., DM 
polymerase) which could be coded for by cistrons which have regions rich 
in adenine and thymine. 
It would be worthwhile to determine the GC ratio of the soluble and 
ribosomal RM from a large number of both microorganisms and higher 
organisms. If there is a trend in the base composition of these RM 
molecules, some speculation on the evolution of these organisms would be 
possible. 
There are other common proteins restricted to particular groups of 
organisms; any differences in the amount of adenine and thymine or guanine 
and cytosine richness within regions of DM molecules which code for these 
proteins could well be correlated with taxonomic relationships. 
Hybridization studies between sheared DM molecules from organisms 
which are not closely related would be useful for determining whether a 
certain proportion of the DM is homologous. The percentage of homology 
would be very small among distantly related organisms, but there should 
be some if there are common cistrons among organisms. 
55 
The availability of a routine method for obtaining some insight into 
the specificity of base compositions of different regions of the DM 
molecule is useful for taxonomic studies and for investigations which 
compare the DNA isolated from a number of organisms. The analysis of 
thermal transitions of DM as cumulative frequency distributions is a 
less tedious operation than hybridization, thermal elution, ultracentrifu-
gation, and nearest neighbor frequency studies, which are used for similar 
purposes. 
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APPENDIX 
Phenetic Characteristics of Test Organisms 
Table 10. Microscopic and colonial morphology-
Characteristic 
Culture 
k 
Size 
Shape 
Gram stain 
Motility 
Flagellation 
Capsulation 
Cell arrangement 
Nutrient agar plates 
Chromogenesis 
Elevation 
Consistency 
Form on nutrient 
agar slants 
Form in nutrient 
agar stabs 
Nutrient broth 
Surface growth 
Odor 
greater 
than 2\i 
coccoid 
rod 
perx-
trichial 
+ 
pairs 
white 
raised 
smooth 
papil­
late 
none 
serfage 
greater 
than 2\i 
coccoid 
rod 
peri-
trichial 
+ 
pairs 
white 
raised 
smooth 
filiform filiform 
papil­
late 
ring 
sewage 
greater 
than 2n 
rod 
peri-
trichial 
+ 
pairs 
white 
raised 
smooth 
filiform 
filiform 
none 
sewage 
less than 
2n 
rod 
peri-
trichial 
+ 
pairs 
white 
raised 
smooth 
papillate 
papillate 
none 
hydrogen 
sulfide 
less than 
2n 
coccoid 
rod 
perx-
trichial 
+ 
singly 
red 
raised 
smooth 
filiform 
filiform 
pellicle 
pungent 
less than 
2\i 
rod 
+ 
polar 
+ 
singly 
green 
uaibonate 
mucoid 
less than 
2u 
coccus 
none 
cluster 
yellow 
raised 
smooth 
rhizoid beaded 
papillate papillate 
5^ 
pellicle 
none 
ring 
none 
Table 11, Fermentation of carbohydrates^ 
Characteristic 1 2 
Inositol a a 
Adonitol - a 
Mannitol a + g a + g 
Dulcitol - a 
Dextrose a + g a + g 
Salicin a + g a 
Ihulin - a 
Trehalose a + g a + g 
Melibiose a + g a + g 
Ribose a + g a + g 
Sorbitol a + g a + g 
Glycogen - a 
Raffinose a + g a 
D-xylose - -
Levulose a + g a + g 
Mannose a + g a + g 
Cellobiose a + g a + g 
Maltose a + g a + g 
Amygdalin a a 
^a = production of acid, 
a + g = production of acid and gas, 
- = no reaction. 
Culture 
h 5 6 7  
a + g a - -
- a - -
a + g a - a 
a + g a - -
a + g a - a 
- a - -
a a - -
a + g a - a 
a + g a - -
a + g a - -
a + g a - -
a a - -
a - -
a + g a - -
a + g a - a 
a + g a - a 
- a - -
a + g a - a 
Table 11. (Continued) 
Character istic 1 2 5 
Culture 
k 5 6 7 
Dextrin a a a + g a 
OJ-methyl d-glucoside a + g a a a - - -
Rharanose a + g a + g - a + g a - -
Sucrose a + g a a - a - a 
Erythritol - a - a - - -
Melozitose - a - a - - -
Sorbose - a + g - - a - -
Arabinose a + g a + g - a + g - - -
Lactose a + g a + g - - a - a 
Table 12, Biochemical and physiological reactions 
Characteristic 1 2 5 
Culture 
h 5 6 7 
Methyl red + + + + + + 
Production of acetyl 
methyl carbinol + - - - + - + 
Utilization of 
citrate + - - + + + + 
Production of indol - + + - - -
Production of 
hydrogen sulfide - - + + - - -
Nitrate reduction reduced reduced reduced reduced reduced reduced reduced 
to to to to to to to 
nitrite nitrite nitrite nitrite nitrite nitrite nitrite 
Decomposition of urea - - + - - - -
Growth at 20°C + + + + + - + 
Optimum temperature 
)7°C 50°c 57°C )7°C of grovrth 57°C )7°0 57°C 
Growth at 45*0 - + - - - - + 
Hydrolysis of casein - - + - + + -
Coagulation of milk - + - - - - -
Reduction of litmus + + - - - + + 
Hydrolysis of tributyrin - - - - + + + 
Production of cytochrome 
oxidase - - - - - + -
Growth in the presence 
of 2^ bile salts + + - - + + + 
Resistance to crystal 
violet + + + + + + -
Table 12, (Continued) 
Characteristic 
Resistance to 
methylene blue + + 
Resistance to penicillin + 
Type of hemolysis alpha alpha 
Utilization as sole 
sources of carbon 
l&icate 
Glutamate + + 
Utilization as sole 
sources of nitrogen 
Glycine 
Alanine + + 
Leucine + + 
Decarboxylations 
L-lysine dihydro-
chloride + -
L-arginine mono-
hydrochloride - + 
L-ornithine dihydro-
chloride 
Production of coagulase 
Grovrth in nutrient broth 
at pH 5.0 + + 
Resistance to heat 55°C 
for 45 min + + 
Culture 
5 ^ 5 6 7  
+ + 
+ + 
alpha alpha beta beta beta 
+ + + + 
+ — — + 
+ «» — — + 
+ + + ~ + 
+ ~ + 
4" 
- + + + + 
"  +  4 - 4 - 4 "  
Table 12. (Continued) 
Culture 
Characteristic 1 2 $ 4 $ 6 7 
Liquefaction of gelatin 
Growth in malonate "broth 
Oxidation-fermentation 
Dextrose 
Lactose 
Sucrose 
Production of alanine 
deaminase 
fermen­
tation 
fermen­
tation 
fermen­
tation 
fermen­
tation 
fermen­
tation 
no 
reaction 
fermen­
tation 
oxida­
tion 
fermen­
tation 
fermen­
tation 
no 
reaction 
no 
reaction 
fermen­
tation 
no 
reaction 
fermen­
tation 
oxida­
tion 
no 
reaction 
no 
reaction 
fermen­
tation 
fermen­
tation 
fermen­
tation 
